Introduction
Room temperature ionic liquids (RTILs) have been considered as a new type of non-aqueous solvents for chemical synthesis, biocatalysis, electro-chemical devices, polymerization, engineering fluids, and other purposes. This wide variety of applications is a major result of their unusual and tunable physicochemical properties. [1] [2] [3] [4] [5] ILs are salts that remain in the liquid state below the boiling point of water (100 °C). They are characterized by a high ionic conductivity, high chemical/thermal stability, non-flammability, and high solubility for a large range of materials. Several studies have shown that some ILs, either pure or in aqueous solution, can increase the stability of biomolecules like proteins, enzymes and DNA, which is expressed in the vast number of manuscripts published in this field. [5] [6] [7] [8] [9] The cations and anions of biocompatible ILs are usually more complex than common salts, such as NaCl. Proteins remain in their native (folded) state under physiological conditions, whereas their denatured (unfolded) state is induced by thermal or chemical unfolding. The effects of ions on protein folding, enzyme activity, and protein crystallization, are typically described by the Hofmeister series. 10 Although it has been accepted that salt ions exert their effects indirectly by changing the water structure, recent results have question this model and shown that in most cases a direct interaction of the salt ions with the protein is involved. 11 A particularly useful aspect of ILs results from their combination between chaotropic cations and kosmotropic anions, that were aspect of ILs is that their polarity and hydrophobicity can be tuned by varying the alkyl side-chain length of the cations and by a proper selection of the cation core or anion nature. There are several reports showing that the enzyme activity increases with the IL hydrophobicity up to a maximum, and then decreases with a further increase on the IL hydrophobicity. 12 In contrast, there are also some conflicting studies reporting a relatively high enzyme stability and activity in hydrophilic ILs. 12 Proteins' stability is strongly affected by the proton activity of the supporting solution and has an optimum pH that can be adjusted by the addition of a proper biological buffer. It is generally accepted that, at appropriate concencetrations, hydrophilic ILs tend to, fully or partly, dissociate in aqueous solutions and into ions which form neutral or very weakly basic solutions. Certainly, this pattern is not always true because there are some functionalized ILs that work as Lewis acidic or basic catalysts. Adding a buffer into aqueous IL solutions, when dealing with protein stability, will not provide an adequate pH control since the ILs acidity or basicity could swamp the buffer effect. Therefore, it is crucial to look for alternative pH control methods, and in particular in the design of ILs with buffering characteristics. Until recently, few works reported the synthesis of ILs with buffering action. [13] [14] [15] [16] Nevertheless, those buffer-like ILs are not recommended for biochemical research because their anions are not inert. A number of criteria are required for a buffer to be used in biological and biochemical studies. 17 They must be chemically inert, should not interfere with metal ion-protein binding, be non-toxic, do not absorb light in the UV-visible region, be commercially available at a low cost, their pKa values should be between 6.0 and 8.0 and should do not vary with temperature, and present high water solubility and low solubility in organic solvents. Good and his research team have designed biological buffers (Good's buffers, GB) that fit these criteria. 17 Good's buffers are zwitterionic amino acid derivatives, and they are the most widely used biological buffers. It was suggested that these Good's buffers act as kosmotropic substances (strongly hydrated molecules) [18] [19] [20] [21] [22] 13, 23 The impact of the GB-ILs on protein structure and stability is discussed and compared with more conventional ILs. The ability of these ILs to form aqueous biphasic systems, when combined with aqueous solutions of inorganic or organic salts, to be used in novel separation and extraction processes is also investigated and was ascertained here by their extraction efficiencies for a model protein. The toxicity of the GB and GB-ILs was also assessed using the Microtox ® toxicity test.
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Experimental Materials
The buffers, CHES (purity > 99 wt%), HEPES (purity > 99.5 wt%), MES (purity > 99 wt%), Tricine (purity > 99 wt%), and TES (purity > 99 wt%), were purchased from Sigma-Aldrich Chemical Co. 
Synthesis and characterization of Good's buffer ionic liquids
Aqueous solutions of 1-ethyl-3-methylimidazolium, tetramethylammonium, tetraethylammonium, or tetrabutyl ammonium hydroxides were added drop-wised to a slightly excess of an equimolar buffer aqueous solution. The reaction mixture was stirred at ambient conditions for about 12 h. The mixture was then evaporated at 50-60 °C under reduced pressure and which gives rise to a viscous liquid. A mixture of acetonitrile and methanol 1:1 was added to the viscous liquid and stirred vigorously at room temperature for 1 h. The solution was then filtered to remove any excess buffer. The solvent mixture was evaporated and the GB-IL product was dried in vacuum (10 Pa) for 3 days at room temperature. The water content in each GB-IL was measured by Karl-Fischer (KF) titration, using a KF coulometer (Metrohm Ltd., model 831), and it was found to be less than 0.05 wt% in all samples. The chemical structures of the GB-ILs were confirmed by 1 H and 13 C NMR spectroscopy (Bruker AMX 300) operating at 300. 13 and 75.47 MHz, respectively. Chemical shifts are expressed in δ (ppm) using tetramethylsilane (TMS) as internal reference. The melting points were measured by differential scanning calorimetry (DSC), using a Perkin Elmer DSC-7 instrument (Norwalk, CT), and with a heating rate = 5 °C·min Table S1 , in the ESI †.
Potentiometric titrations
The pH titration profiles were determined in a double-walled glass vessel using an automatic titrator (Metrohm 672) equipped with a dosimat 655 and a pH glass electrode (Metrohm 6.0229.100) for pH measurements in aqueous solutions. The pH electrode was calibrated in aqueous solution with two standard buffers of pH 4.0 and 7.0. The temperature of the titration vessel was controlled at 20 °C by a thermostatic water bath. For measuring the pH profile of GB-ILs in water, 10 mL of each GB-ILs at 0.05 M were freshly prepared in water and titrated with 0.05 M NaOH/HCl under continuous magnetic stirring. At least two repeated measurements were performed for the determination of each pH profile.
Dynamic light scattering (DLS) measurements
To estimate the hydrodynamic radius (RH) with increasing temperature from (25 to 75) ºC, DLS measurement were carried out using a ZetasizerNano ZS (Malvern Instruments Ltd., UK). The average RH was calculated using the instrument software from the scattering intensity data. The light source is a He-Ne laser light (4mW) with a fixed wavelength, λ = 633 nm, and the measurements were conducted at a fixed scattering angle of 173º. The instrument is provided with a thermostatic sampling chamber able to control the temperature in the range from 0 °C to 90 °C. The samples for DLS analysis consist of 20 mg·cm -3 of BSA diluted in aqueous solutions of (0.05 and 0.5) M conventional ILs/GB-ILs at pH= 7.4. They were then incubated at 25 ºC for 4 h to attain the equilibrium, and a bubble free sample of around 1.3 cm 3 in a square glass cuvette with round aperture (PCS8501) was used for the DLS measurements.
Infrared measurements
Attenuated total reflectance (ATR) Fourier transform infrared (FTIR) spectra of 60 mg of BSA in (0.05 and 0.5) M conventional ILs/GB-ILs aqueous solutions were obtained on an ABB MB3000 FTIR spectrometer using a PIKE MIRacle™ with a single refection diamond/ZnSe crystal plate. The measured spectral region was between 400 and 4000 cm -1 with a resolution of 4 cm -1 and with 150 scans. At least 5 l measurements were carried out for each sample. The secondderivative spectra of the amide I (1653 cm -1 ) region were used as peak position guides for the Gaussian curve-fitting analysis. The relative amount of each secondary structure component was determined by computing the areas of the bands assigned to a particular substructure (i.e., α-helices, β-sheets, and turns). Both second-derivative and curve fitting were performed using the PeakFit v4.0 software (AISN software Inc.).
Phase diagrams of aqueous biphasic systems
The binodal curve of each ABS was determined through the cloud point titration method at 25 (± 1) ºC and atmospheric pressure. The experimental procedure was validated in previous reports. 26, 27 Repetitive drop-wise addition of the aqueous salt solution to the IL solution was carried out until the detection of a cloudy biphasic solution, followed by the drop-wise addition of water until detection of a monophasic region. This procedure was carried under constant stirring. Each mixture composition was determined by the weight quantification of all components added within an uncertainty of ± 10 -4 g (using an analytical balance, Mettler Toledo Excellence XS205 DualRange).
The tie-lines (TLs) of each phase diagram, and at the mixtures compositions for which the extraction of BSA was carried out, were determined by a gravimetric method originally described by Merchuk et al. 28 The selected mixture, at the biphasic regime, was prepared by weighting the appropriate amounts of IL + salt + water, vigorously stirred, and further submitted to centrifugation for 10 min and at controlled temperature (25 ºC). After centrifugation, the sample was left in equilibrium for more 10 min at (25 ± 1) °C to guarantee the equilibration of the coexisting phases at the target temperature. After this period, each phase was carefully separated and weighted. Each individual TL was determined by the application of the lever-arm rule to the relationship between the weight of the top and bottom phases and the overall system composition, and as previously described. 26, 27 For this approach each experimental binodal curve was previously fitted as described elsewhere. 26, 27 All the calculations considering the mass fractions or molality of the citrate-based salt were carried out discounting the complexed water.
Extraction of BSA
The ternary mixtures used in the partitioning experiments of BSA were gravimetrically prepared at a fixed and common mixture composition: (22.4 ± 1.3) wt % of IL + (25.6 ± 2.6) wt% of salt. The aqueous solution added contained BSA at a concentration of circa 0.5 g·dm -3
. Each mixture was vigorously stirred, centrifuged for 10 min, and left to equilibrate for at least 10 min at 25 (± 1) °C to achieve the complete BSA partitioning between the two phases. After, a careful separation of the two phases was performed and the amount of BSA in each phase was quantified by SE-HPLC (Size Exclusion High-Performance Liquid Chromatography). Each phase was diluted at a 1:10 (v:v) ratio in a phosphate buffer saline solution before injection. A Chromaster HPLC (VWR, Hitachi) coupled with an UV-Vis detector. RP-HPLC was performed on an analytical column (25 cm × 2 mm i.d., 25 µm), Lichrospher 100 RP-18 from Merck. A 100 mM phosphate buffer in MiliQ water (mobile phase) was run isocratically with a flow rate of 1 mL·min -1 . The column oven temperature was kept constant at 25 °C as well as the autosampler temperature. The injection volume was of 25 µL. The wavelength was set at 280 nm whereas the retention time of BSA was found to be 9.31 min within an analysis time of 24 min. The quantification of the BSA was carried out by external standard calibration method in the range of 0.001 to 1 g·dm -3 of protein.
At least three independent biphasic mixtures for each GB-IL-based system were prepared and 3 samples of each phase were quantified. The interference of the salts and ILs with the quantification method was also ascertained and blank control samples were always initially analyzed. The percentage extraction efficiency of BSA, ‫ܧܧ‬ ୗ %, is the percentage ratio between the amount of protein in the ILrich aqueous phase to that in the total mixture, and is defined according to Eq. 1,
where [BSA] is the concentration of protein, w is the weight of each phase, and the subscripts IL and Salt represent the IL-and salt-rich phases, respectively.
Microtox® toxicity tests
The Microtox ® test was adopted to evaluate the toxicity of the GBs and the corresponding GB-ILs towards the marine bacterium Vibrio fischeri by measuring its luminescence inhibition. The bacterium was exposed to a series of diluted solutions of each compound, ranging from 0 to 81.9 %, being 100% the concentration of the stock solutions previously prepared. After 30 min of exposure to each compound, the light output of the bacterium was assessed and compared to the light output of the blank control, enabling the calculation of the EC 50 values at 30 min through the Microtox ® Omni TM Software version 41.
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Computational details
The molecular docking between BSA and GB-IL ions was studied with the Auto-dock Tools vina 1. calculated in water with a polarizable continuum model (IEF-PCM) using density functional theory (DFT) with the B3LYP method with the standard 6-311++G(d,p) basis set and using the natural bond orbital (NBO) as implemented in the Gaussian 09 package. 32 The calculated partial atomic charges were used in the docking. The best binding model for ligand docking was decided based on the one with the lowest objective function.
For the QSAR-serum albumin binding model, logK(HSA), the molecular geometries of GB-ILs were optimized using the AM1 semiempirical method using HyperChem (Version 8.0.7, Hypercube, Inc, USA, http://www.hyper.com) program. The AM1 optimization was preceded by the Polak-Rebiere algorithm to reach a 0.01 root mean square gradient. The COSMO files of GB-ILs were obtained by single point density functional calculations. DFT/COSMO calculations were performed using the BP functional, the SVP basis set, and the RI-DFT method, as implemented in the TURBOMOLE 6.1 program package. 33 The COSMO files were then used to obtain logK(HSA) using the COSMOtherm software.
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Results and discussion
Tricine is a N-substituted glycine derivative whereas the other buffers are N-substituted taurine derivatives. The 20 natural amino acids and taurine were previously used as anions for the synthesis of functionalized-ILs known as amino acid ionic liquids (AA-ILs). 34 
GB-ILs buffer potential
To evaluate the potential of these new ionic liquids as buffers in aqueous media their pH profiles have been measured. Fig. 2(a Figure S1 in the ESI †. The GBs display two pKa's: the first dissociation constant (pKa 1 ) is due to the deprotonation of the carboxylic or sulfonic group, and the second dissociation is due to deprotonation of the protonated amino group (pKa 2 ). The inflection point at high pH of those titration curves is due to the deprotonation/protonation of the amine group of the GB/GB-ILs. The region of moderate slope before the inflection point is the buffer region. In this region, the pH is regulated by the equilibrium between the deprotonated and protonated forms. At the middle of this region, the concentrations of these two species are equal, and thus, according to the Henderson-Hasselbalch equation, the pH will be equal to the pKa 2 and the buffering capacity is maximum at this point.
It can be clearly seen in Fig. 2 (a) (as well as in Figure S1 in ESI) that all the GB-ILs dissolved in water present buffering regions which are identical to those of the corresponding Good's buffers. Table S2 in the ESI † reports the mid-point pH buffering. The mid-point pH values and the buffering pH ranges of GB and GB-ILs in water are almost the same. Interestingly, the buffer capacities of GB-ILs, except for Tricine-ILs, are generally higher than the corresponding GBs. It is not unusual for enzyme activity assays to span a wide pH range. In order to maintain the solution buffer capacity, different buffers can be used to cover the entire pH range. This raises serious questions about how to distinguish the buffers influences from the pH effects since many buffers have been found to be less inert than originally believed. Using a single buffering solution with a broad working pH range would greatly simplify the interpretation of enzyme activity data. There are few universal-buffers with a wide working pH range (2-12) that have been reported. 36 They are, however, formulated with buffers that interact with proteins, or chelate metal-ions. 
Protein stability in GB-ILs
To explore the effect of GB-ILs on the protein stability, the most important blood protein, bovine serum albumin (BSA), was chosen as a model protein due to its enormous well-known functional applications. 37 BSA is widely employed as a carrier for antibody generation in immunoassays for hormones, other metabolites, or drugs, and thus, it serves as a model protein for protein-drug interaction studies. 37 BSA is also widely used to determine the quantity of other proteins. 37 Furthermore, BSA is used as a functional constituent in pharmaceutical and health care products, 37 in cells separation and as a nutrient in cell culture, 37 and in the protection of other enzymes during the digestion of DNA. 37 The native conformation of a protein is the thermodynamically most-stable and active state. However, an increase in temperature can disturb this stable conformation. When the proteins are submitted to heating, the molecular vibrations of the peptide backbone accelerate and, consequently, the intermolecular hydrogen bonds and hydrophobic interactions are interrupted leading to the protein denaturation. The thermal denaturation temperature (T d ) of a protein is the temperature at which the protein denatures. Upon unfolding, the BSA protein undergoes reversible and irreversible conformational changes. The reversible structure changes occur in the temperature range from (25 to 50) ºC, while the irreversible change happens above its denaturation temperature (~55 ºC). [18] [19] [20] By heating the protein above its T d , the hydrophobic residues became exposed to the solvent and interact with other hydrophobic residues on different protein chains leading to the formation of aggregates, which changes the protein size and that can be effectively monitored by dynamic light scattering (DLS). [18] [19] [20] We present a comparison , respectively (Fig. 3a) . Curve fitting was carried out for the amide I to obtain information about the BSA secondary structure in the presence of conventional ILs and GB-ILs (Table 1 ). The amide I of BSA in 0.05 M Tricine at pH = 7.4 (Fig. 3b) shows five bands at (1616, 1631, 1653, 1675 [42] [43] [44] [45] A molecular docking study was performed in order to further investigate the binding sites of the GB-ILs ions in BSA. The BSA contains 583 amino acid residues in a single polypeptide chain with three homologous domains (I, II, and III). It has 17 disulfide bridges and one free SH group, which divides the protein into 9 loops (L1-L9) in a roughly heartshaped structure. 46 The hydrophobic residues are located in the interior of BSA, while the polar residues appear at the protein surface. (Fig. 4a) . The lowest binding energy mode was searched out from 9 different conformers for each ligand. The Autodock scoring function includes hydrogen bonding, electrostatic interactions and shortrange van der Waals, loss of entropy upon ligand binding, and solvation energies terms. Tricine zwitterion was found adjacent to the residues, Arg196, Arg458, Asp108, Ser192, and His145 (domain IB); while the residues found next to Tricine anion are Glu353, Arg208, Asp323, Gly327, Leu346, Leu330, Ala349, and Lys350 (domain IIB). We can clearly see that the binding sites of Tricine anion are different from the Tricine zwitterion. Tricine zwitterion was found to have 5 hydrogen bonds with the adjacent amino acids (Arg458, Aso108, Ser192, and His145); and Tricine anion also forms 5 hydrogen bonds with Leu346, Glu353, and Arg208 residues, respectively (Fig. 4b) It is important to notice that the ion pair formation between the GB anions and cations probably occurs in water. By treating the ion pair as neutral molecules, the QSAR-human serum albumin binding model, logK(HSA), was used to calculate the binding affinity of the investigated conventional ILs/GB-ILs to human serum albumin (Table 2) . BSA is usually used as a template of human serum albumin because their amino acid sequence is very similar (75% identity and 87% similarity). 47 It is clear that the GB-ILs have relatively high serum protein binding as compared to the corresponding bromide ILs, and the binding affinity follows the cations order:
Interestingly, the trend in of the α-helices of BSA in the tetraalkylamonium cations is similar to that in the GB-ILs. This observation indicates that GB-ILs stabilize the protein not by their effects on the water structure but by their direct binding with the protein. In fact, this protein has specific binding sites that can bind with bioactive substances, such as fatty acids, and which increase its thermal stability. 48 The polarity and hydrophobicity of these new ILs can be modified by varying the alkyl side-chain length of the cations since these properties have a large impact on the protein stability. 
GB-ILs ABS formation
Taking into account the advantages of GB-ILs when dealing with proteins, these compounds could also be used for extraction and separation processes involving proteins, enzymes and antibodies. It is well known that adding organic/inorganic salts into aqueous solution of imidazolium-, pyridinium, pyrrolidinium-and piperidinium-based ILs, ABS can be formed. 49, 50 There is today a growing research field addressing the applications of IL-based ABS for the extraction of a wide range of valuable compounds, such as alkaloids, drugs, amino acids, proteins, metals, etc. 3, [50] [51] [52] [53] [54] The potential of GB-ILs to form ABS, aiming at their use in extraction and separation processes or biphasic reactions, was here evaluated. The results collected in this work show that adding inorganic/organic salts to aqueous solution of tetrabutylammonium-based GB-ILs lead to the formation of promising ABS.
The experimental data corresponding to the ternary phase diagrams determined in this work are presented in Table S3 and S4 in ESI †. In all the studied ABS, either with Na 2 SO 4 or K 3 C 6 H 5 O 7 , the top phase corresponds to the IL-rich aqueous phase while the bottom phase is mainly composed of salt and water. Fig. 5 In order to understand the influence of the buffer structure on the phase diagrams behaviour, the binodal curves are expressed in terms of molality units to avoid the differences that would arise from different molecular weights. The two phase regions are localized above the binodal curves. The binodal curves clearly show that the less hydrophilic buffers, as CHES or MES, are more easily salted-out when compared to the more hydrophilic ones (HEPES, TES, or Tricine). Furthermore, the inorganic salt (Na 2 SO 4 ) with a high charge density anion is a stronger salting-out agent than the organic salt (C 6 The organic salt (C 6 H 5 K 3 O 7 ) was chosen to perform the extraction of BSA due to its biodegradable and non-toxic nature. Table 3 presents the extraction efficiencies of BSA. The initial mixture compositions, the compositions of each phase (tie-lines) and respective tie-line lengths are also shown in Table 3 . The tie-lines are also depicted in Fig. S3 in ESI †, while the correlation parameters used to describe the experimental binodal data are given in Table S5 , also in the ESI †. In all the studied examples it was observed that the ILrich phase is able to completely extract the protein with extraction efficiencies of 100%. In fact, no protein was detected at the salt-rich phase. Moreover, from a weight balance it is possible to establish that there are no "losses" of protein, either by precipitation or denaturation. 
GB-ILs toxicities
The EC 50 values determined after 30 min of exposure and the respective 95% confidence limits are reported in Table 4 . The EC 50 data at 30 min were adopted to guarantee that a long enough exposition time is used. 56 The results show that, in general, the GB-ILs here prepared possess a non-toxic character to the bacterium as indicated by their high EC 50 Having into account the cation core, the results show that the ammonium-based compounds are less toxic than the imidazolium-based counterparts. Ammonium-based ILs have been previously reported as being less toxic than imidazolium, [58] [59] [60] [61] , being the toxic effects of the imidazolium cation mainly attributed to its aromaticity. 59, 60, 62 The influence of the alkyl side chain length on the toxicity of ammoniumbased GB-ILs follows the "side chain effect" thumb rule of toxicity, 62, 63 A comparative study between the GBs and the GB-ILs, shows the Good's buffers to be, in general, even less toxic than their GB-ILs counterparts, as indicated by the EC 50 values shown in Table 4 . The addition of a cation core to the GB structure to increase their solubility in organic solvents enhances also their hydrophobicity and, with it, their toxicity. However, some exceptions to this behaviour are identified, that include all the GB-ILs with the anion [MES] -and the GB-ILs ).
Conclusions
Herein we have synthesized a new series of ionic liquids based on Good's buffers (Tricine, TES, HEPES, MES, and CHES), here named Good's buffer ionic liquids (GB-ILs) via a simple and green neutralization method in aqueous media. The Good's buffers were chosen to act as anions combined with 1-ethyl-3-methylimidazolium, tetramethylammonium, tetra ethylammonium and tetrabutylammonium cations. These new ILs offer a high self-buffering capacity in the physiological pH range and a greater protein stability as compared to the corresponding and more conventional ILs, such as [N 1111 ]Br, [N 2222 ]Br, [N 4444 ]Br, and [Emim]Br. Furthermore, their working pH range can be adjusted by the adequate choice of the anion (GB). The polarity and hydrophobicity of GB-ILs can be tuned by the choice of the organic cation. Two universal GB/GB-IL buffers have been formulated to cover a wide pH range for use in enzyme activity assays. Besides all the above benefits of GBILs, including their non-toxicities, it was found that these ILs can be further used to prepare aqueous biphasic systems for separation and extraction routes. We have determined the experimental phase diagrams of several aqueous biphasic systems, and their extraction performance for BSA was evaluated. The obtained results confirm that the use of GB-ILsbased ABS for the separation and extraction of biomolecules is a highly promising technique and worthy of further investigation. Studies on further applications of the synthesized IL-GBs are ongoing. Their advantageous characteristics here reported coupled to their simple preparation encourages their future use in industrial applications.
